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Abstract: This study reports a new method of purifying graphene oxide (GO) through the addition of cationic surfactants.
In this process, the cationic surfactant, (benzyl dimethyl hexadecyl ammonium chloride), was added to GO/H,SO, mix-
ture. Then the GO* (GO coupled with the cationic surfactant) becomes lipophilic. When CH,ClL, a lipophilic solvent, was
added to the mixture, the GO* migrated to CH,Cl, phase, and resulted in a two-phase system consisting of H,SO, + water
+ KMnO, -phase, and GO* + CH,Cl, -phase. The GO* was separated from GO* + CH,Cl, mixture by drying and then
subsequently converted to reduced-GO by thermal reduction. After purification, GO* and polystyrene (PS) nano-
composites were fabricated by polymerization, solvent mixing and melt mixing. It was found that nanocomposites with
surfactant treated GO* exhibited better dispersion in PS than conventional-GO and reduced-GO and demonstrated
improved barrier properties in non-polar solvents.

Keywords: graphene, functionalized graphene oxide, polystyrene, nanocomposite.
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Figure 1. Schematic diagram for two separated layers in a separat-
ing funnel during the purification procedure.
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Figure 2. Chemical structure of graphene oxide (GO) functional-
ized by benzyl dimethyl hexadecyl ammonium chloride (BDHd-
N*CI).
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Figure 3. FTIR spectra of graphite powder, GO, BDHd-N'GO, rGO
and rGO from BDHdA-N"GO.
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Figure 4. Thermally reduced GO: from GO (left, bulk density =
0.012 g/cm®) and from BDHd-N*GO (right, bulk density = 0.034 g/
cm’).
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Figure 5. '"H NMR spectra of GO, cationic surfactant (BDHd-
ammonium chloride whose chemical structure is shown in the
inserted figure), BDHd-N"GO and simple mixture of the surfactant/
BDHA-N*GO.
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Figure 6. XPS spectra of BDHd-N*GO and PS/BDHd-N*GO nano
composites. Notations P, S, M in the figure represent polymeriza-
tion, solvent mixing and melt mixing, respectively. Number fol-
lowed by the notation is wt% of BDHd-N'GO in the composites.
eg. P2 represents PS with 2 wt% BDHd-N*GO by polymerization.
M1 w/rGO represents PS with 1 wt% of rGO by melt mixing.
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Figure 7. n* of PS/BDHd-N"GO nanocomposites as a function of . Notations are same with those of Figrue 6. (a) polymerization; (b) polym-
erization, P1 and P2 are shifted vertically (multiplied by 2 and 4 respectively) to increase the visibility; (c) solvent mixing, C1 and C2 are
shifted vertically; (d) melt mixing, M1 and M1 w/rGO are shifted vertically.
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Figure 8. Differential thermal analysis (DTA) of PS/BDHd-N*GO
nanocomposites.

2 % 9lth. BDHA-N'GOE 713t 3] 2ollx]

kel yield A3 (o7F RS n*7F 571
e}, T2 Axe Ao BDHAN'GO
= =2 oollA 07 Aadled ol 4

o] 7ha ulFolt}, FUd 2ol 532 sil= GO-BDHd-
N7} e 75 Aol wolxl=t o= BDHA-N'GO7t
ZEjdla} 2gaste] T3 Al o 3488 WeElieh] WiEe
2 A9 s T e pollAe BDHA-N'GOS] 37}l
wel n*7F F243] F718HE yield @Ako] Holi ghakol
2 Wil M E SR8 yield A4S B 4 ot ol= Al
YA & B B3R E MR & e E
Fo g A YAke} wlEY A aiAle] A5 2go] e
= yield @42 ©] F3ish HEEnh > g9 o= A
23k A E(S0, S1 2 S2)9l4% BDHA-N'GO2] F<Jol wt
yield @7Jo] #FE o, Sz A3 AlFof Hls|A
= 2 A= vugh o]F gETIdA &8 &3S AR
(MO0, M1, MIw/rGO)IIA = MIoIA w|AE yield7} 24
U MIwrGOS M09t 593t 235 HolEr) ool A
ZHE T, &9 &3, 885 S8 o= Y YAk
Fito] golsitl= 13 BDHA-N'GOZ} rGOX.t} PSele] %1
slert = 2S & F Al

PS/BDHA-N'GO &E§ 59| &8l &5 #Fst7] fla)
T T4 AAEIAR AL Pl D4 (differential thermal
analysis) 27+ Figure 89 VeI SoH ¥} & =3
o2 AzxH EHEe] I3 73l 2% (peak decomposition
temperature, 7y, 28l %7} 3¢ €% )= BDHA-N'GO2)
o] T7HE 2o Zo=E #EE|QItE. BDHA-N'GO
o} PSe] AgHo] sl EalE = HF= Aoz AdH

=]
RS

1.0
(a)

08| L]

uptake (wi%)

uptake (wit%)

0.7
(b)

06

10 15
Time (hr)

uptake (wils)

L i

15 20
Time (hr)

25 30

35

10 15
Time (hr)

25

Figure 9. Solvent uptake experiment for PS/BDHdA-N*GO composite: (a) methanol; (b) ethanol; (¢) n-hexane.
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